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CURRENT DENSITY IN FURNACES
After considering the rate of heating or "power density" of a furnace, and the voltage at which it is operated, the subject of "current density" need only be considered briefly. The current density in a furnace will usually vary considerably from point to point, except where the current flows through a resistor of regular dimensions. In some smelting furnaces the current may be distributed so evenly through the contents of the furnace, that we can take the current density as the number of amperes divided by the internal cross-section of the furnace measured at right angles to the direction of the current. In the Heroult ore smelting furnace, Fig. 78, the cross-section at the level D is 5.4 sq. ft., and the current 5,000 amperes, giving an average current density of 930 amperes per square foot, or nearly 6 1/2 amperes per square inch. The Keller ore smelting furnace at Livet had a current density of 10 or 12 amperes per square inch of cross-section. In the Acheson carborundum furnace the current density, according to published accounts, varies from 10 to 30 amperes per square inch of the core, and in the Kjellin induction furnace, there may be as much as 600 amperes per square inch of cross-section of the molten metal.
"Pinch Effect."—The current density in molten conductors is limited by a curious phenomenon, which was first investigated by Dr. Hering.1 In operating furnaces of the Kjellin or the Gin type, if the current density is increased beyond a certain amount the surface of the metal becomes depressed at some point, and the depression may increase until it divides the conductor, and thus interrupts the current. It is well known that parallel conductors attract each other when electric currents flow through each in the same' direction; and the same force urges together the particles of a molten conductor carrying a current. If this conductor is cylindrical, all the particles of which it is composed tend to move toward the axis, but as the resulting pressure at the axis is equal at every point along the length of the cylinder, no apparent effect is produced. If however the conductor is initially somewhat smaller in cross-section at one point than elsewhere, the current density here will be greater, and the radial forces will therefore be greater, producing
1 Carl Hering, "A Practical Limitation of Resistance. Furnaces; the 'Pinch' Phenomenon." Trans. Am. Electrochem. Soc., xi, 1907, p. 329. "The Working Limit in Electrical Furnaces Due to the 'Pinch' Phenomenon." Trans. Am. Electrochem. Soc., xv, 1909, p. 255.ionately reduced, and would agree more nearly with the other figures for this class of furnace.
